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SyriaAbstract Sheep husbandry is the main source of income for farmers in arid zones. Increasing sheep
production on steppes may increase the greenhouse gas production. The objective of this study was
to investigate the nitrous oxide (N2O) emissions from the steppes for Awassi sheep keeping and feed
cropping in arid zones such as Syria. The methodology developed by the Intergovernmental Panel on
Climate Change (IPCC) was used to estimate N2O emissions. A survey was conducted on 64 farms in
Syria to gather data for analysis. Precipitation and crop yield data from 2001 to 2009 were also used
for calculation and modelling. Sheep-keeping systems, precipitation, year and the region have signif-
icant effects on N2O emissions (p< 0.05). Emissions of N2O from lands with extensive, semi-inten-
sive and intensive systems were 0.30 ± 0.093, 0.598 ± 0.113 and 2.243 ± 0.187 kg sheep1year1,
respectively. Crop production was higher in regions with high precipitation levels, which helped to
reduce N2O emissions. Using more residuals of wheat, cotton and soya as feed for sheep in the keep-
ing systems evaluated may decrease the overuse of steppe regions and N2O emissions. Nitrous oxide
emissions of N2O from sheep-keeping areas can be reduced by changing sheep-keeping systems and
increasing the crop production in arid zones through artiﬁcial irrigation.
ª 2013 Production and hosting by Elsevier B.V. on behalf of University of Bahrain.1. Introduction
Awassi sheep are bred for harsh living environments, which
are typical to arid zones such as Syria (Hijazi et al., 2013).Sheep production is an important pillar of the Syrian agri-
cultural sector and contributes approximately 30% of the to-
tal value of national agricultural production (ACSAD,
2005). Awassi sheep provide approximately 75% of the meat
and 25% of the milk consumed in Syria (ACSAD, 2005).
The number of sheep kept in Syria was 15.5 million in
2010 (MAAR, 2011). The rising demand for Awassi prod-
ucts means that increasing numbers of sheep will be bred,
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et al. (2011) stated that the Alxa desert in China has been
strongly depleted by overgrazing. Providing feed is the big-
gest problem for sheep keepers in Syria. There are different
levels of intensity in sheep keeping. The steppe (Arabic: Ba-
dia) of Syria has been progressively deteriorating (Louhaichi
et al., 2012). This area is only suitable for breeding sheep
and camels (Kassem, 2005). Approximately 15–20% of the
steppes in the Middle East are already marred, and it is dif-
ﬁcult to regenerate them because of the ever-increasing num-
ber of animals along with the ploughing of the plains
without artiﬁcial irrigation (Kassem, 2005). At the same
time, it is, and will continue to be, difﬁcult to obtain enough
fodder for all the sheep. In Mongolia, more than 12 million
livestock died in the drought years of 1999–2002, 12,000 her-
der households lost all their animals, and thousands of
households sank below the poverty level (Marin, 2010). A
new agricultural land is required to produce more feed for
the sheep. Nitrogen (N) fertiliser and manure are expected
to be added to the land to obtain a good yield. Human
activities, including the over-application of fertilisers, espe-
cially those containing N, and ill-managed animal farming
systems, have caused a major increase in N2O emissions
(Stehfest and Bouwman, 2006; Di and Cameron, 2000).
Globally, livestock production is the largest user of agricul-
tural land. There are environmental implications associated
with the expansion of livestock production (FAO, 2012).
Agricultural systems, especially livestock systems, are a large
source of greenhouse gas (GHG) emissions and reactive
nitrogen (e.g., NH3, NOx; Drouet et al., 2011). Nitrous
oxide global-warming potential (GWP) is 298 times the
GWP of carbon dioxide (CO2; IPCC, 2006). Furthermore,
N2O is an important atmospheric constituent because it is
a long–living GHG that is also the major source of strato-
spheric nitric oxide (NO; Mosier et al., 1996). Natural
sources of N2O are soils and oceans. The anthropogenic in-
crease is primarily caused by accelerated soil emissions
through the application of N fertilisers and animal manure
in agriculture (Stehfest and Bouwman, 2006). Nitrous oxide
is released during microbial transformations of N, for exam-
ple by nitriﬁcation, the oxidation of ammonium (NH4
+) to
nitrate (NO3
), and by denitriﬁcation, that is the reduction
of NO3
 to N2 (Yan et al., 2003). Corn requires much more
N fertiliser than other crops (Kraatz et al., 2009). However,
less than half of the total N input via fertilisers and animal
manure in crop production is effectively utilised, while the
remainder is dissipated into the adjacent environment, where
it contributes to a range of negative ecological and human
health effects (Erisman et al., 2007; Oenema et al., 2009).
The aforementioned literature shows that GHGs, such as
N2O, are important to consider in arid zones such as Syria.
Various equations have been established, such as those by
Bouwman et al. (2002) and the IPCC (2006), to estimate di-
rect N2O emissions from the soil. Both of these methodolo-
gies depend on the N input of the fertiliser to estimate N2O
emissions from the soil. In this study, the state of keeping
systems, the use of the steppe and feed cropping will be ana-
lysed using data from Syria. The objective of this research is
to calculate the N2O emissions from the land used for feed
cropping and to compare the emission levels among different
sheep-keeping systems to determine the best management
practices for sheep keeping and food cropping.2. Materials and methods
2.1. Site description
This study was conducted at various farms across Syria
(Fig. 1). The Syrian Ministry for Agriculture and Agrarian
Reform (MAAR) divided Syria into ﬁve settlement zones
according to agricultural activities and the amount of annual
precipitation. The sizes of the ﬁve areas, along with their
respective amounts of precipitation, are as follows: (1)
27,036 km2 (14.6%): 350 mm year1 (2) 24,628 km2
(13.3%): 250–350 mm year1, (3) 13,147 km2 (7.1%):
250 mm year1, (4) 18,332 km2 (9.9%): 200–250 mm year1
and (5) 102,034 km2 (55.1%): 100–150 mm year1 (MAAR,
2009) (Fig. 1). Settlement zone 5 is deﬁned as the Steppe,
which is located in the eastern part of Syria, represents
55% of the national territory and is the main region for
sheep production. Zones 1 and 2 are wheat production
areas, whereas barley is the dominant crop in zones 3 and
4 (Shomo et al., 2010). A total of 64 farms with different
SKSs were surveyed in various Syrian governorates, and
they are each marked with a sheep in (Fig. 1) These farms
were located within the governorates of Aleppo and Idleb
in the north; Damascus, Sweida, Daraa and Quneitra in
the south; Al-Raqqa, Hasakeh and Dair Ezzor in the east;
and Homs and Hama in the west.2.2. Data collection
Data were collected from September to November of 2009.
At this time of the year, the summer is at its end, and the
temperature is acceptable for moving between the farms.
The best way to gather the data was to prepare a custom
questionnaire that collected data on sheep production
(including the number of animals, their body mass, milk
yield per day and wool yield) and general information about
the keeping-system and farm location, including yearly feed
rations on each farm, the period of pasturing on natural
pastures, the duration of pasturing on agricultural residuals,
the keeping period in stables and the amount and use of
excrements. In total, 64 farms with different keeping systems
were visited in various regions of Syria. Data on feed pro-
duction were gathered from the Ministry of Agriculture in
Syria (MAAR), from the International Centre for Agricul-
tural Research in Dry Areas (ICARDA) and the Arabic
Centre for Studies of Arid Zones and Dry Lands (ACSAD)
The feed sources during the year were the natural steppe
and residuals from feed cropping, such as wheat and cotton,
and concentrate feed, which is mixed differently according to
the particular situation on each farm. The harvest products
consisted of the following grains: barley, wheat, wheat shells,
soya, corn and cotton seed cake. Additionally, farms bought
concentrate feed from the Syrian Public Institution for Feed.
Data on precipitation were gathered from MAAR from
2001 to 2009.
2.3. Sheep-keeping systems
The sheep-keeping systems differ according to the keeping
period in stables, type of stables and yearly feed of sheep.
Figure 1 Map of Syria with settlement zones and marked regions (sheep) where farm data were collected (modiﬁed after MAAR, 2009).
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tems could be categorised into three groups: extensive, semi-
intensive and intensive.
2.3.1. The extensive system
The extensive keeping system relies heavily on range grazing
through migratory movement on the steppe. It is considered
the most common form of sheep keeping in Syria and has been
used by Bedouins for ages. There is no closed stable except a
tent installed in a place near grass. Sheep feed for 4–9 months
on the steppe on various agricultural residuals, which could be
1 month on cotton residual, 1–4 months on wheat residual, or
2–5 months on concentrate feed. Between 17% and 45% of the
feed used per year is concentrate feed. Bedouins roam the
steppe looking for grass. They take part in a pasture circula-
tory system, in which the herds are brought at regular intervals
from the east to the west and the other way around. After the
ﬁrst rains on the steppe, a young, fresh pasture grows, and the
herds are then taken to the east. At the end of the spring, when
the steppes are grazed, the sheep are brought back to the west
to pasture on the harvested cropland (wheat and cotton
residual).
2.3.2. The intensive system
In this system, sheep are kept in closed cement stables and pro-
videdwith concentrate feed formore than 10 months of the year.
Therefore, more than 85% of the yearly feed used is concentrate
feed. These systems are found in semi-urban areas or areas near
main urban centres. In this study, two farms were visited that
used this keeping system. Both of the farms were research cen-
tres associated with the ACSAD and Damascus University.2.3.3. The semi-intensive system
The semi-intensive keeping system also relies on range grazing,
but in this case, farmers have settled down. They use a combi-
nation of grazing on rangeland near their settlement and con-
centrate feed. Sheep are kept in closed cement stables and feed
4–10 months on the steppe, 1–4 months on wheat residuals,
and 2–7 months on concentrate feed. Between 17% and 60%
of the feed per year is concentrate feed.
2.4. Estimation of N2O emissions
In this study, the IPCC methodology has been used to calcu-
late the amount of N2O emissions, which are induced by the
addition of N fertilisers, from the soil dedicated to feed
cropping. The IPCC methodology to estimate the emissions
is described in the following Eq. (1) (IPCC, 2006):
EN2O ¼ mN  EFN2O  cN2O ð1Þ
where EN2O is the ﬂux of N2O directly emitted from soils
(kg year1), mN is the amount of N that is used for fertilisation
(kg year1), EFN2O is the emissions factor for N2O
(kg N2O kg
1N1) and cN2O is a mass conversion factor
(cN2O= 44/28).
In this study ‘Tier 1’ was used, and a ﬁxed emission
factor was used for the entire country, ‘EFN2O = 0.0125 kg
N2O kg
1N1’. To estimate the N2O emissions from the
steppe, N2O emissions from grazing sheep excrement and
urine were considered as the only sources of N2O in the
steppe. The body mass and the period of keeping sheep
on the steppe for each farm were determined by using the
data gathered from the customised questionnaire. Nitrogen
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(3) by Moussa and Hasnna (2000):
Mass E ¼ CEF Mass F ð2Þ
where Mass E is excrement mass (kg day1), Mass F is feed
mass (kg day1) (=2% of body mass) and CEF is a conversion
factor (0.25), and
NEX ¼ CN MassE ð3Þ
whereNEX is the amount ofN in excrement (kg day
1),MassE is
excrement mass (kg day1) and CN is a conversion factor
(0.75%). The nitrogen from urine per sheep is 0.015 kg day1
(Moussa and Hasnna, 2000). According to ACSAD
(2007), the mean quantity of feed in steppe pastures is
300 kg ha1year1. The number of sheep per hectare was
calculated for each farm according to body mass, feed mass
and the mean quantity of feed in one hectare. Emissions of
N2O from dedicated soils on the steppe caused by theN in excre-
ment and urine of grazing sheep were calculated using Eq. (1).
The amount of N fertiliser was based on calculations from
MAAR (2009) (Table 1).
The estimation of the N2O emissions from wheat residual
and wheat shells was adapted from the wheat yield, which
included grain and wheat shells. The grain part of the wheat
and the wheat shells accounted for 86% and 14% of the yield,
respectively (MAAR, 2009). Therefore, wheat was used as
wheat shells in rations and as wheat residual on ﬁelds. Accord-
ing to Dieb (1999), the emission ﬂux of N2O directly emitted
from soils by producing wheat straw was considered as
described in the following Eq. (4):
ES ¼ CW  Ey ð4Þ
where ES is the ﬂux of N2O directly emitted from soils by pro-
ducing wheat straw,Ey is the emission ﬂux of N2O directly emit-
ted from soils by producing wheat yield and CW is a conversion
factor 0:33
2:08
 
equivalent to the distribution of N in the plant.
The term Ey has been calculated using Eq. (1).
Emissions of N2O originating from the production of cotton
residual and cotton seed cake that were used for feeding the
sheep were also calculated using Eq. (1) accordingly. Masri
(2001) reported that 50% of cotton was grown for pasturing
as cotton residual. Of the cotton grown, 4.5% was processed
for producing cotton seed cake (MAAR, 2009). Therefore,
one hectare of cotton cropland was fertilised with
80 kg ha1year1 in the form of N-mineral fertiliser and
30 t ha1year1 in the form of manure (MAAR, 2009).Table 1 The amount of N in mineral fertilisers and in manure used
Concentrate feed N in mineral fertiliser* Ma
kg ha1year1 t ha
Barley 30 15
Wheat 60 20
Corn 100 40
Soya 20 5
* N content equates 46% according to MAAR in 2009.
** According to Eq. (3).
*** Mean yield for all of Syria.2.5. Statistical analysis
For the calculations, precipitation and the crop yields have
been used for the period 2001–2009, which was given in the
MAAR yearly report. Farm data were gathered in 2009 using
the questionnaire. The farm data have been used for all the
years from 2001 to 2009 with the assumption that the farms
and their properties did not change.
A statistical analysis was carried out to evaluate the inﬂu-
ence of the following factors on N2O emissions per sheep:
keeping systems, precipitation, region and year. Therefore, a
linear mixed model was applied using the mixed procedure.
Main factor combinations were tested. This model [Eq. (5)]
was developed for the results gathered from all 64 farms at a
signiﬁcance level of a= 0.05.
Eijmk ¼ lN ¼ ai þ bj þ cm þ fk þ rxþ wyþ eijmk ð5Þ
where Eijmk represents the calculated emissions of N2O, lN sig-
niﬁes the general mean of N2O emissions and the terms keeping-
system (ai), year (bj) and region (cm) account for ﬁxed effects.
Furthermore, the random farm effect is expressed by fk; the
covariable estimate for precipitation is r (x=mm year1); the
body mass of sheep (y= kg) is given by the covariable estimate
w, and ejimk represents the random residual. All data were ana-
lysed using statistical software package SAS v.9.2 (SAS, 2010).
Adjustment for multiple comparisons of means of levels within
a ﬁxed effect was made using the ‘‘simulate’’ option to adhere to
the global signiﬁcance level of a= 0.05.
3. Results and discussion
3.1. Statistical model
The investigated farms consisted of 46 extensive, 16 semi-
intensive and two intensive keeping systems.
Only one farm was visited in Daraa and in Hama. The
average sheep body masses at these farms were 60 kg and
66 kg, respectively, and they are clearly higher than at other
regions, such as Aleppo 47 ± 1.30 kg (with the including of a
standard deviation) (Table 2). The number of the sheep ran-
ged from 40 to 1000 per farm. Owing to the varying numbers
of sheep, it was difﬁcult to estimate characteristics of the
sheep ﬂock in Syria. The proportional composition of the
feed varied throughout the year in different regions of Syria
(Table 3).for feed cropping.
nure N in Manure** Yield***
1year1 kg ha1year1 kg ha1year1
112.5 655
150 2575
300 3955
37.5 1614
Table 2 Overview of the average ± standard deviation of number of sheep, body mass of sheep, annual precipitation and barley
yield.
Regions Number* of farms Number* of sheep Body mass*
kg
Mean of** precipitation
mm year1
Mean of barley** yield
kg ha1
Damascus 10 170 ± 147 52 ± 7.5 184 ± 19 503 ± 328
Homs 10 249 ± 177 49 ± 4.91 466 ± 133 461 ± 265
Sweida 4 126 ± 92 46 ± 8.54 305 ± 93 351 ± 310
Quneitra 3 313 ± 83 58 ± 2.89 563 ± 37 1,393 ± 342
Dair-Ezzor 10 257 ± 343 47 ± 5.03 146 ± 51 392 ± 496
Hassake 14 188 ± 125 53 ± 9.11 223 ± 67 587 ± 508
Al-Raqqa 3 570 ± 125 48 ± 7.64 157 ± 52 400 ± 325
Aleppo 5 520 ± 446 47 ± 1.30 440 ± 47 941 ± 493
Idleb 3 40 ± 168 49 ± 4.04 515 ± 91 1,673 ± 693
Daraa 1 210 ± 0 60 ± 0 244 ± 84 543 ± 440
Hama 1 1000 ± 0 66 ± 0 354 ± 88 1,016 ± 627
* Data collected from the questionnaire.
** Data collected from the literature (2001–2009).
Table 4 Test of ﬁxed effects from the analysis of variance.
Eﬀect Num DF* Den DF** F Value Pr > F
Keeping-system 2 61.7 49.42 <.0001
Year 8 498 31.99 <.0001
Region 10 46.3 4.87 <.0001
Precipitation 1 498 34.60 <.0001
Body mass 1 40.7 0.69 0.4102
* Num DF: Numerator degree of freedom.
** Den DF: Denominator degree of freedom.
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showed different inﬂuences on N2O emissions when applying
a test of ﬁxed effects (Table 4).
Keeping system, precipitation, year and region had signiﬁ-
cant effects on N2O emissions (p < 0.0001), while body mass
had no signiﬁcant effects on N2O emissions (p = 0.41). Fur-
thermore, there were no signiﬁcant differences between the
extensive and semi-intensive keeping systems (p = 0.241).
3.2. Keeping system and feed effects
Sheep in both extensive and semi-intensive systems depend on
grazing on the natural steppe. On average, sheep in extensive
and semi-intensive keeping systems grazed on the natural steppe
approximately 151 ± 60 day year1 and 208 ± 71 day year1,
respectively. Using steppe is 14% lower in the extensive keeping
system than in the semi-intensive keeping system. In extensive
keeping, sheep grazed on residuals of wheat and cotton approx-
imately 92 ± 14 day year1 and 19 ± 14 day year1, respec-
tively. In the semi-intensive keeping system, sheep grazed on
wheat residuals only 38 ± 57 day year1.
The yields of barley, corn and soya were 655, 3955 and
1614 kg, respectively (Table 3). This result implies that one kg
of barley, corn and soya produced N2O emissions of 38 · 10
4, 13 · 104 and 6 · 104 kg ha1year1, respectively. WheatTable 3 Feed compositions and their time of consumption in diffe
Region Geographic location in Syria Concentrate feed
Months
Damascus South 5
Daraa South 12
Sweida South 3
Quneitra South 3
Dair-Ezzor East 4
Hassake East 3
Al-Raqqa East 4
Aleppo North 3
Idleb North 4
Homs West 4
Hama West 2shells and cotton cake produced N2O emissions of 1 · 104
and 0.58 · 104 kg ha1year1, respectively. On average, the
steppe produced N2O emissions of 0.2 · 104 kg ha1year1.
Residuals of wheat and cotton produced N2O emissions of
1 · 104 and 6 · 104 kg ha1year1, respectively. Keeping sys-
tems have different properties. As outlined in the aforemen-
tioned description, each system used different feed
composition and produced different N2O emissions.
The extensive system used lower concentrate feed than the
other two systems; 27% of the yearly feed contracture is con-
centrate feed (Table 5). In the extensive keeping system, the
N2O emissions varied from 0.056 kg sheep
1year1 to
5.842 kg sheep1year1. In contrast, the semi-intensive keepingrent regions of Syria.
Natural pastures Cotton residual Wheat residual
Months Months Months
7 – –
– – –
9 – –
4 1 4
4 – 4
4 1 4
4 1 3
4 1 4
4 – 4
6 – 2
6 – 4
Table 5 Feed compositions used in keeping-systems and corresponding least square means of N2O emissions.
Keeping-system Concentrate feed Steppe Cotton residual Wheat residual Least square means of N2O emissions
(%) (%) (%) (%) kg sheep1 year1
Extensive 27 43 5 25 0.301 ± 0.093
Semi-intensive 34 57 – 9 0.598 ± 0.113
Intensive 100 – – – 2.243 ± 0.187
Figure 2 Box-and-whisker plot* of N2O emissions within the
different sheep keeping system. *Deﬁnition of box-and-whisker
plot: (bottom: 25th percentile; top: 75th percentile; middle: 50th
percentile; diamond: mean value).
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2.052 kg sheep1year1. Within the intensive keeping system,
N2O emissions ranged from 0.299 kg sheep
1year1 to
5.272 kg sheep1year1 (Fig. 2).
The use of the extensive keeping system produced lower N2O
emissions of 1.942 ± 0.249 kg sheep1year1 than the intensive
keeping system. Using the semi-intensive keeping system
resulted in lower N2O emissions (1.645 ± 0.167 kg sheep
1
year1) than the intensive option.
The semi-intensive system increased N2O emissions
compared with the extensive keeping system. This ﬁnding can
be explained by the semi-intensive keeping system using
concentrated feed more frequently than the extensive keeping
system, at 114 ± 47 day year1 and 98 ± 17 day year1,
respectively. This ﬁnding is consistent with results of Oenema
et al. (1997) and Stehfest and Bouwman (2006), who found that
the N-application rate has a signiﬁcant inﬂuence on direct N2O
emissions. Comparing the emission ﬂux of N2O directly emitted
from soils grown with cropping feed, such as barley, corn and
soya, with the N-application rate, listed in Table 1, we ﬁnd that
the amount of N in applied mineral fertilisers and manure in-
creased N2O emissions. Reducing the N-application rate can
be regarded as an accessible strategy for mitigating N2O emis-
sions. Any reduction of an N-application must ensure the crop
productivity. However, applying more soya and corn than bar-
ley in the concentrate feed reduced N2O emissions. Importingconcentrate from outside is difﬁcult because of high costs.
Therefore, improving the using of crop residuals, such as wheat
shells and cotton cake, would help to reduce N2O emissions. At
the same time, integrating locally available, nonconventional
feedstuffs, such as wheat straw and cotton seed cake, into bal-
anced dairy sheep diets can decrease feed costs to resource-poor
farmers while enhancing total yields of milk and milk constitu-
ents without compromising milk-quality components (Hilali
et al., 2011). An extensive keeping system is the form most used
in all the regions of Syria, especially where the natural steppe
could not be used for agricultural activity. The use of concen-
trate feed in the semi-intensive keeping system was 7% higher
compared to the extensive keeping system (Table 5). Excrement
and urine from grazing sheep present major sources of N2O
emission in the natural steppe. Velthof and Oenema (1995)
found that grazing generally increases N2O emissions from
grasslands because of additional N inputs. The extensive keep-
ing system created lower N2O emissions than the semi-intensive
and intensive keeping systems (Table 5). This result can be ex-
plained by the low percentage of concentrate feed and higher
percentage of crops residuals (wheat and cotton) (Table 5).
Emissions of N2O depend on the quantity and type of feed
used, as stated by Muylaert et al. (2007). The semi-intensive
keeping system used more natural pastures than the extensive
system, which caused overuse of the steppe. Alternative use
of residuals of wheat, cotton and soya as feed will help to
improve sheep management practices in the extensive and
semi-intensive keeping systems. These alternative uses will also
prevent the overuse of the steppe and decrease N2O emissions.
There were no signiﬁcant differences in N2O emissions between
the extensive and semi-intensive keeping systems. This ﬁnding
points to the fact that extensive and semi-intensive keeping sys-
tems should be aimed at protecting the steppe and reducing
grazing on natural pasture. The semi-intensive keeping system
generated lower N2O emissions compared to the intensive
option (Table 5). This outcome can be explained by the large
percentage of natural pasture and crop residual used in the
semi-intensive keeping system; this feed source pattern can
therefore be regarded as a feasible N2O emission abatement
strategy. The Bedouins belong to a long tradition that is cogni-
zant of weather conditions and the crucial role of feed for sur-
vival during dry years, both for themselves and for their sheep.
Any suggested changes to sheep management should be made
easily possible for the Bedouins.
3.3. Year and rainfall
For the survey data collected, all 64 farms represented differ-
ent N2O emissions per sheep and year. The year 2008 differed
signiﬁcantly (p < 0.0001) from all the other years (2001–2009)
and had the highest N2O emissions compared with the other
years (Table 6).
Table 6 The signiﬁcant differences between the years for least squares means (LSM) of N2O emissions according to Eq. (5).
Year vs Year Estimate**
kg sheep1year1
Standard error DF* t-value Adj P
2001 2008 0.9559 0.08832 498 10.82 <.0001
2002 2004 0.3437 0.08384 498 4.10 0.001
2002 2008 1.1495 0.08552 498 13.44 <.0001
2002 2009 0.3604 0.08322 498 4.33 0.0003
2003 2008 0.9016 0.09673 498 9.32 <.0001
2004 2006 0.3338 0.08387 498 3.98 0.0021
2004 2007 0.2658 0.08400 498 3.16 0.0443
2004 2008 0.8058 0.08734 498 9.23 <.0001
2005 2008 0.8579 0.08577 498 10.0 <.0001
2006 2008 1.1396 0.08549 498 13.33 <.0001
2006 2009 0.3505 0.08321 498 4.21 0.0004
2007 2008 0.2825 0.08317 498 12.55 <.0001
2008 2009 0.7891 0.08518 498 9.26 <.0001
* DF: degree of freedom.
** Estimate is the mean N2O emissions per sheep according to Eq. (5).
Figure 3 Scatter plot of N2O emissions from 64 farms vs. occurring precipitation (2001–2009).
52 O. Hijazi et al.The model from Eq. (5) indicates that 1 mm of precipitation
reduces N2O emissions by 0.00196 ± 0.000334 kg sheep
1
year1. In the extensive keeping system, emissions of N2O
increased when precipitation was less than 100 mm year1
(Fig. 3).
The different levels of precipitation during the years 2001
to 2009 had signiﬁcant effects on N2O emissions (Table 6).
The relationship between precipitation and N2O emissions
showed negative values in particular regions. The growth of
grass and the cereal yield in the steppe highly depend on pre-
cipitation. Low precipitation negatively affects the steppe and
its yield. Regarding the extensive keeping system, N2O emis-
sions rose, especially when precipitation was less than56 mm year1. This ﬁnding can be explained by the direct
relationship between the yield and precipitation; yield in-
creases when precipitation increases (assuming the fertilisers
are of the same quality), and the effect of precipitation on
N2O emissions was considered indirect according to the rela-
tionship between yield and precipitation. A comparison of
the years from 2001 to 2009 shows that precipitation in
2008 was the lowest all over Syria, and as a result, N2O emis-
sions were highest in 2008 (Table 6). The clear decrease in
precipitation each year represents a serious problem for
Syria. The farmers plant and fertilise, hoping that an ade-
quate amount of rain will produce a good yield. Barley is
the most important crop for feeding sheep; it is almost never
Figure 4 Box-and-whisker plot* of N2O emissions within the different regions.
*Deﬁnition of box-and-whisker plot: (bottom: 25th
percentile; top: 75th percentile; middle: 50th percentile; diamond: mean value).
Table 7 Selected differences between the regions for least squares means (LSM) of N2O emissions according to Eq. (5).
Region vs Region Estimate
kg sheep1yr1
Standard error DF t-value Pr > |t| Adj P
Dair-Ezzor Damascus 0.791 0.202 39.1 3.9 0.0004 0.014
Dair-Ezzor Daraa 1.696 0.304 197 5.57 <.0001 0.0004
Dair-Ezzor Hassake 0.513 0.136 43.6 3.75 0.0005 0.0213
Damascus Daraa 0.904 0.231 513 3.91 0.0001 0.014
Damascus Homs 0.8728 0.2256 57.5 3.87 0.0003 0.016
Daraa Hassake 1.183 0.2826 141 4.19 <.0001 0.0083
Daraa Homs 1.7775 0.3123 210 5.69 <.0001 0.0003
Daraa Idleb 1.2134 0.2773 227 4.38 <.0001 0.0052
Daraa Quneitra 1.1906 0.276 253 4.31 <.0001 0.006
Daraa Sweida 1.4423 0.3281 177 4.4 <.0001 0.0048
Hama Homs 0.9749 0.2574 22.6 3.79 0.001 0.0193
Hassake Homs 0.5945 0.1551 74.3 3.83 0.0003 0.0177
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planted in the superior areas because it is more proﬁtable
than barley. The planting of barley was displaced to sec-
ond-class areas, which have very low precipitation. By plant-
ing barley in ﬁrst-class areas, farmers could obtain more yield
with simultaneously lower N2O emissions per hectare. Using
better irrigation systems would improve the yield and simul-
taneously reduce N2O emissions.
3.4. Regions
The results show differences between the regions and between
farms within one region. Dair-Ezzor and Daraa showed thegreatest difference between the maximum and minimum levels
of N2O emissions, followed by Hassake, Al-Raqqa and Homs
(Fig. 4).
Daraa differed signiﬁcantly from Hassake, Homs, Idleb,
Quneitra and Sweida (Table 7). Dair-Ezzor differed signiﬁ-
cantly from Damascus, Hassake and Daraa. According to
the linear model, N2O emissions in Dair-Ezzor and Homs
were 1.566 ± 0.169 kg sheep1year1 and 1.648 ± 0.174 kg
sheep1year1, respectively. In these two regions, the highest
means of N2O emissions were estimated.
Overall, less precipitation was detected in the eastern parts
of Syria (90–140 mm year1). This fact had a major effect on
the yield of feeds such as barley. This is evident in Dair-Ezzor,
54 O. Hijazi et al.which had a precipitation of 90 mm year1and a barley yield
that was clearly lower than in the other regions (Table 2). It
would be better to grow crops only in regions with good pre-
cipitation. In Damascus, minor agricultural activities exist,
and most of the feed was bought from the Syrian Public Insti-
tution for Feed. The Dair-Ezzor region showed the greatest
difference between the maximum and minimum levels of
N2O emissions, followed by Hassake, Al-Raqqa and Homs
(Fig. 4). It can be assumed that the small amounts of yearly
precipitation in Dair-Ezzor caused the high N2O emissions.
Moreover, the eastern part of Syria has a large region with var-
ious natural pastures, and this may have caused large differ-
ences between maximum and minimum N2O values.
4. Conclusion
The IPCC methodology was used to calculate the N2O emis-
sions from sheep keeping systems, as induced by the addition
of N fertilisers from the soil dedicated to feed cropping. It
results from this study that the intensive keeping system pro-
duces higher N2O emissions than the intensive and semi-exten-
sive systems. This is due to the use of larger amounts of
mineral N fertilisers in the intensive system. Feeding sheep
with more soya and corn than barley would lead to less overall
N2O emissions. Decreasing the overuse of steppe could be pos-
sible by using more residuals of wheat or cotton as feed in
keeping systems. The relationship between precipitation and
N2O emissions showed negative values in eastern regions such
as Dair-Ezzor, Al-Raqqa and Hassake, with crop yield increas-
ing when precipitation increases. Farmers are therefore
encouraged to plant barley in areas that have more than
350 mm of precipitation per year to achieve greater yield and
lower N2O emissions. Using better irrigation systems will
improve the yield and simultaneously reduce N2O emissions
in the eastern regions which have low precipitation. The ﬁnd-
ings of this study support proposing further management work
to educate farmers and encourage improvements of agrarian
practices in Syria and generally in arid zones.
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